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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
simulate an operation after the 
degradation of an LSI by predicting 
the actual secular degradation of 
the LSI in a design stage by taking 
the effect of coupling noise between 
wires into consideration so as to 
evade excessive specifications to 
reliability in the design of the LSI. 

SOLUTION: A reliability library 
generator 1 drives a circuit 
reliability simulator 4 and generates 
a reliability library 6 for indicating 
the dependency to prescribed 
operation conditions of the 
characteristic degradation degree of 
respective circuit cells. A cell delay 
degradation estimation means 2 
estimates the secular degradation 
degree 1 1 of the delay of the 
respective circuit cells of the LSI 
while referring to the reliability 
library 6 while taking the effect of 
the coupling noise between the 
wires into considerations. An LSI 
timing degradation estimation means 
18 estimates the delay of the 
respective circuit cells in the LSI 
after the degradation based on the 
cell delay degradation degree 1 1 and 
generates an LSI timing 14 after the 
degradation. A logical simulator 1 5 
simulates the operation after the 
degradation of the LSI based on the 
LSI timing 14 after the degradation. 
Thus, by a simulation, the 
degradation of the timing of the 
respective signal paths of the LSI is 
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accurately expressed based on the 
actual operation. 
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©bsccs-j^t. BtrtaL s 1 ©^ffcm©»jfp^->3 ^ 

[oo3i]*fc, is*^ 1 8 <D$m~ciz. wrtai»*js 

2©LS I ©£ 3 > tf'&Vcis 3 3. U — ^ 3 >§IHCC*} 

■fe;i/©m^;ft-^{c^M$nri,>6 h^>y^^© F W 30 
[00 3 2] m^mi 9©$wrcB\ if#rai © 

LS I©£-f 3>^^b^3:*U--i'3>§|gk::foW& 
■fe*iBfiBIMt«B£*»tt. ffi^ffl©* 7 ^ > ^ ✓ -f x 

t»T©*tei». si^^fci^sisii 
tsic/i^ia^nii i^fet-t:. earn©* » 

^-fXifi^KW^T^fctDiti. 40 
[0 0 3 3] £fcfj|5jcll!2 0©ftWtfl||Cft:flrat#£t 

LS I OiH^^b^^tf-lgFgJCia^-C^fJb. L 
S I ©5(5{bfg©3&{f£-> 3 * U-f 3 >"f £ L S I ©£ 

LS I *fil^rsS[p|SS-«r;U©iSl©igB#efj^bS^ 
[HlSS-fe^c^tt^ba^©^©^^^^^-^ 

1 ©s6^B${c*jwsaKi5i8S-feJi'©Birfa3TS©ttfP^fi= 
©oks-^-c, *«-r*-fe;i/Ss^b«^xs<t, m 
iat n^iH^t Jteiatc *si > r«b£ t fc#isi8&-fe ;p© so 
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i»SIWfc«te«c3S-3i.»'C. g^Wtc^bLfcmlBLS 1 
{c*jW^SIHS8-fe^©3i5i^«l5c-rSLS I f >C3>^ 

^bjujexs* . itEL s i $ -{ 3 ^y&timxmic 
ii^xmnLfc^im<DmmL s 1 ccfc^s^iisg-b^ 

©S&tcg-^T. wfSEL S I ©2tft«©lbflF£i"'5 a 
U-f3>«f3 * U—>a>Xifl<!:£lf A. grfB-fe 

^S^WlBtOr, &@&*;U©a^©IPSlW>a:#fbE££ 
£-fi£3£T-S&©-C&-2>. 

[0 0 3 4 3 fi3fcJI2 0©#6^{cj;S<b. -feiUjffiS^b 

oo, MIBLS [©Sb^B*CC*i^S^felsl8g-fe;U©BJffa 
Sf^©tt^*fr©fiifca-3^-C. «t5££fr 5©t\ ttffi 
LS I©^^©tt^AiJS8f53nft:. &l!J&-fe;U©jiSi# 

jcteu-t. ^B$^c^bOfciriaLS i{c*j»s#his 
•fe;i<©ji5i%jf5E-rs. -eur. c©s£(bfg©BijfBLs 

1 (c^WSSHBS-fe^WjiMfca-^li-C. v- 3 ^ 5^ 
3 >Xff{CfcC»r . WIBL S I ©^b^©a&fP5r-> 5 ^ 

LS I©&{f^;->\*©#-( 3>y©^b^. ifii^ffl©* 
X. LS I ©i£JH"tC*5l>T\ L S I ©gB#B<J^b*^ii'J 

aw- s c t * . m ffittfc J: cftttt©5R*©ffi-cjaw 

&LSI ©l^t^f -5 C i.^-C^ 5. 
[00351 ^ bt. ft^IS2 1 (DmiXlZ. fifBfi^ 
3S2 0OLS I <D*/<< 3>^t->Sal'->3>*a 

>^^^©#ft^bS-^^IlS5ft«f4^3 * U-^^IE 

^iiss-fe ^©#e^ta-^©*trfaBff^©Kifp^#{£;^ 
[oo36]*fc. it*^ 2 2 (Ditwx-^ imzm>m 

2 0©LS [©^^S>^t^S»U-^3>*SlC 
UT^ A*S?<!:liS^JS-^<!:©ra©m^£ffijlS©^b 

a^*ffl^-s*>©it-s„ 

[ 0 0 3 7 ] -e l-t . s»*^2 3 ©iswcw, wean* 
122©LS io^-/;>y^3ai/->3>M 

HB-feju©. A^ft-^©Ai± 0 alt B^iju i , m^nim 
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j a x&c j: * ffl^jft #«be© wmbe £ tc \timwE^ 

[0 0 3 8 ] 5 6fC, »»B2 miBSt* 
312 3 ©LS I ©£ Y 5>y^fc^3 U — > 3 

#ea^©5Wl«^fc#U ffi©A^ffiT-^©A^fs 

[0 0 3 9 ] Sfc, 1**52 5 (D^W-Cfci:, Wf£l»*XB 10 
2 3©LS I©£Y 5 >^{b^>5^U-"V'3>^ffiCC 

fcttft^sffitt^Y:/^ y«, ^©iw^£Lt, in 

[0 04 0] Sfc, i»#S2 6©«WTB:, msni«3i 
2 3©LS I 5 >^Mb^^U~— > 3 >#j£Ct 

B^ ;V©fig*ffll> 4 4> © 1 ? 4 □ 

[0 04 1 ] ^Lt, it*Ti2 7 ©fMJJTfc:, iwlBH* 
m2 2©LS I ©£Y 3>^£fbV3 
Kfctf4«*tt^-Y EIB^©#tt^bK£- 20 

4&©£T4 0 

[0 042] Sfc, fflRfcB2 8 ©fPJjr&S, BUffiM*JB 
2 0CDLS I©£Y X >^{t^^*U-^a>*ffiCC 

^T^IUSS-fe^cD^ 54>tc < £ sp©fc©&cot,>r, 
fl«&*«tS?-«fe©<fcU MfBLS I £Y $>#9${t 

jftjexsra, »5iB-fe;i/^^bJiSrficcfc^r}iSL 

fcfylBLS Hcte^4BWBfi^<X(Djl®*J|ffiTSfc 
Oil. fulfil ^ 3 >XfM&2, liyfBLSlW 

I tcfc^^SulBff^^xcDiS^cca^ix:, SufBLS I 

[0 04 3]$^ HI3&92 9 ©ISM», fJlBf*^ 1 
©LSI©£Y5> ^*Mb> ^ ^ U- ^> 3 >mW&0M 
"T4 L S I * ^ h y X b <h It, iBJBSM*^ CCOli 

gfiB^ £ C (DSm t ^Mfe^ L r I > 4 GR <h ©fffl©ffi*& 
S«£LTHSrr*4J:9, i3»£nTi>ft &©£T 
4„ 

[0 04 4] 

HH*#RBLtt#&BMr*-4. 

[0 04 5] ($10|t»)SlW»Sl© 

miMiimtcfaz l s 1 ©# y 5 > ^e*b> 3 * 3 

fc, #S8*J$IBK:0*4 L S I © # -Y 5 > ^S&fb^ 5 * P so 
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HB-feii/OaBffioBWFWaf^b*^ {-feJuaHBMbate 
11)*, ^ttSY^y6*#JHU^o*£T4fc 
AiB©&Yt«t3e*a2 ^it^LS I «c*jW4ft 
HB*^©5Hi*»Wr4iKtt«il 2t, SHBiz 
;l/©aHi**tfLS I £ Y $>y*»CCLrLS I ©Sfr 
fp£r>^ a >3>Tfti&ii^ a 1 5 i*{f 

at ^4. jssmnii 2it -fe^aBffi*fbft^i i«: 
©sii*«is-r ft l si^^> t«e*s 1 8 * 

«*TV4. IWR'S 1 5», &itm<DLS I 

^8 £Scclt, l s 1 ©«fbsr©»ff ^ ^ 

a>LT#fbflW8*l 0*SJ«-rft— *Yb«©LS 
I tC4s^ftS@B-fe^©?l^#^{bf*L S I 3r Y 3 

-^a>Lr*Yk»*g*i 7*^es-rft. 

[0 046] HI Cc^"r*gai0KJR{c{Rft L S I ©^ Y 

3 > bs/ s a u - 5/ 3 %«98-r ft 0 

[0 04 7] (fitttt^Y^'J&aEXS) H2ttHB 

-TJ:5K:, ^ii^<!f©»^, HB^V2 0«A*«HF2 
1 , W*S^2 2 , mgffliT2 3 to JcC^flMftT 2 4 * 
WTfto i2;l/*y h h 7tctt, ^^©tHlB^^©^ 
^ h yx F^ttStiri^fto [§1B-I2^tc«, ASIC 

©^ K-fe;u^ y ec— «{csefltstiTi*ft 

fc. LS I *«j0W-4fc*{Cij:*teiaB-feJW*(¥*), C 

^fto -bJl/*^ h'J* F7CC«ttS*ifc*y h y^bfc 

fto h 'J* b 7^^^^^*© h^>t?^ 

^©tfYX^S^c^Tftfffg. ««*-7-*yJ:»W** 

^^•^y-^55CttS P I CE^^y-de^fb*«fc 

3&s*&tt3tirii4- S P I CE7*-7«; hfeiCXSP 
ICE^y-i'lt W^tfMETA-SOFTWREl : iJgtT©HSP 

ICE USER'S MANUAL C1396^Mt) CtiStt 3 ft~Cl> 4 . 
[0 04 8] «8ttSY^y£tt»«lB:, 

4@BH2Jl/©«ffl**"ryi8b, -e©aB-ir;U©^ ^ b y 

^ h*Hzjv*y h y* h 7fr^«*iitfo -euriiBm 

loo, ^i-r4EiB-fe^©Atfi^ffi j F-ra©ej«^ 

©^bS^©, ^©»ff*frK*rr4ttfiPtt*3»b 
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>{Cj:oTJt^-r-5 tCDT?*!D. WAWRobert H. Tu e 
t al. "Berkeley Reliability Tools - BERT" (IEEE Tran 
sactions on Compute r-Aided Design of Integrated Ci 
rcuits and Systems, 1993, W.524-1534) CCfatKS tltci> 

©&<fc*5&i&-5,, 

[0 04 9] m3te£.Vm4tet><y7'>)yys4Xt t c$& 

3 im&tir&m^hvVAtim^ifi^m'&K.v d d*> 

?:SLn>S„ S3fcj;D f 04ra>!t^.<h^-SlHl?S-b;U 

[0050] i3-C«, A^f^OlLh'JtC^oai^fi 

DD«fc«3 4>AVft!W^<&£. CCDM*. -Y>^*-#© 20 
tfi^ff#«Sffi (VDD + AV) #>6&ilfe^EEGND* 

■c&it-rz. ccw^tcti. ffi^m^maimiEv d d 

[0 0 5 1 ] I5J^C04-C«, A^li-^oiETOtcm* 
IHAe##^*^L«KC|6^^:fiTS©-r. mti 

lEGNDiHAVKtffi<ft4. C©ft». 

-2©tfJ;ftfi-5f-«mBE (GND-AV) fr^WMmEEV 
DD*-CSEft-T4. COW^KB. ffl*fi-^#Stt!«EE 30 
GND*>P>«aBaHEVDD*r^b-rS»^J:0 fe. & 
fb«A#< 

[0 0 5 2 ] CCt> S3*sO:C> ; S4(C^-rAV4, * 

[0053] ^wmm-cu, m&tDnr&kttt c-c. 

[0 0 54] SfcSMSfiiD^ftS^t. 5£fbf&©jSS 
014^*51,^, ^tt#4kflr©@9ili9& ttKtt£{k 

f£©{f#$^£^-r„ S3*s<fcii>*a4cc^-rj: i 5cc, # 
<bit*©iij§£ titu wmoimm* 1 2 tr'&t, 

S; ( 1 ) fcij*TJ:5&«{b«aBBt 2 iMNHt 1 

t ©^ a t Kiot, smise ta^*«t>r C 
iter*. c©*»At*a^{fcjtt<tA. 50 
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At = t 2 - t 1 - ( 1 ) 

[0055] mmvtvj-fjvg.idmmi «. mu*^ 
©«rft^©fi**ft'e*i*3«e«5£u -r-cKis* 

ii/^fl:, *ttit ■SlslSS-ferJl'©* h©t»#i «b 

*>K@BflMSttS' s » U- * 4 tc«U BBHWBttf 5 
^U-*4fcfg«rr3„ @H«*(tti'a»U-*4tt. 

4 A^mria@?s-b;i'©-& f -5 ^©^tt^b® 

{HBtt-fcT^I/S fjfaiHlSg-b^ 
©»«3&ffc***8£>i. COJ:^tt»f¥*. SfrtB4o© 

<fc 0 . BuiailS842Jl'©iSJi^ba©mrfB4 o©SM1^# 

<. 

[00 5 6] C©£#. »f^fefr©l o-CiSfi^tEE 
S0WIAV«e<bS-tt-5fc«)K:, 05 UJjkt j; ^ ftififlil 

L/tm^Jf^ffll,^. fc*>3A,#s^'y>:?WX£ 
^tfHPS©ff^igff5*ffll^r4jAi*t)^l^5, ^ 5 ^. b 
— > 3 >*5^«J«fC^-S/cfe, Hi 5 «fc "5 &ft*l?£J& 

HWj©#©»«j«*«£E (VDD+AV) (C^^C 
timfiGND^TE-SW^JCti. a >©P£ 

©ito&flre©tnJtKt*flHE (gnd-av) Kwes^rti 

B"ja>„ 

[0 05 7] SfcC©^? L-—>3 >«C*5(,>T, ffi^) 
flHt©*!«Bfl**EE (VDD + AV) CCSajtOfcti^K 
tt. BK-feJV©Utt3fi-^KUcJS«lsnteh5>^*© 

Pl/^>«SKSA:U^xn« (MS. «aSSEEVDD* 
fc«Mift^)±G N D 4 a* ) 4 ©Iffl-CIIE^* r *tt« i 
ttO. C©**rBJB«B*%ti, ffi^{f^©»l^fil*s 
«£E (VDD + AV) *^«aSS£EVDDS-CffiTLT 

u*^. ztcmt>m^<Dmmm*waE. (gnd-av) 
umnvmmm&mK (gnd-av) -A^mmmmG 

ND*f±#UTL/*^„ C©i5tt»ff%ia«-r4fc 
#>&C. BSSffiffltt^S ^U-^4tC«fc^-C^5alx-i/ 
g>-T-5.l^{c«. m*«#©»J*!ffl«:SEE (VDD + A 
V) tfcU (GND-AV) KRjetJWi^KB, 
ttJ*m#«(C«^3 tifc h 7 >PX * © F U ^©Sa 
f -f F©JR«**-I*W«:»K <*7) SfcBfflJM 

(ffii«) -r*a:£©*ft*i«. 

[0 0 5 8] c©<gm. @8S-te;V©#tt^bJS^©. 3f 

s©iOT*««s«-*«»tt*«-rflWBtt^ -f^ye 
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ftSiifciC. JIBeottfBfcfr&t/T:. U8g-fe;l<©. A 
;Wg^©£±0£T»)ll#P.S!<!:, HWJI^fii, A^(t 

-^o^-f tfvzf'jyyy jxicmm-t 

[ 0 0 5 9 ] m 6 tttt^BUBBCCff SftMtt? ^7 'J 

^©fb{WN*#tt©09£m-rE-C&-5,, 04«C^-T 

tmm. imi . A^i^©ii_hOB#fHi [ n s] . omu 
ffimm [ f f ] fciowsiEsatts [ v j ©&ffi&c*f 

IT. ilJ£<£{bS [nS] A5^^^rC^„ 

[0 060] &*ifiiist£5 6 <ctet,>-t\ i6tc 
^TT J: 5 fcWtttHMRT?*-* - C t feWUfir* *. c ©t§ 

[0 06 1] iUIittiM&l 2te. tt^if&LS I 
JS^*SHSS-fe;l/0««ttafffl*iiBJ£3*lfcL S I * ? h 

5fS#tt* 3 fBie3n/c3lS5-f^7'; 1 3 <fc*K*ii 

[0 0 6 2 ] LSU'^'J^ h 9B, D S PF (Deta 
iled Standard Parasitic File, ^J^^Cadence Desiqn 30 

Sys tans, Inc. CO Cadence Standard Parasitic Format(l 
993)P.8-20&c!EiS) &£©»ST?i3iE3ft*. #I£S6»2 
STCBL SI*»h'iXF9 KB, S-faHCCotirSS 

[0 0 6 4] H7B^>^^3?©ai^fi^(D^igM 
fiS»©W*^THr*So 07iC*5Ci-C, Ca, Cb, 
Cc. Cd. Cfftt**l*h#B-r4Bli3 6t, MS 
-T&ffifiSa, b, c, dfc£CJ £ ^GND<fc©|ffl©g« 
Ji6»*C*S 8 a»0DSPFtt£<D#*C«\ 
Ca, Cb, Cc, Cd, C s B*tiS«tS*GN D 
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a&K, Sg«5)Ca ( Cb, Cc, Cd, CgCOJtS^ 
jt0HBIt«S LSI*:?FUXh9 Cc* 6*C*#lW 
lt*j< 0 -rat>tEJB3 6^t, Si^Ca, 
Cb, Cc, C BBif&a, b, c, di© 

«^Slr*SCi4, LS I * •> h h 9^CtmL 

r is < . 

[0 06 5] H2 9«-/>^*-^*S2ait5(ltC««S*i 
fc0BCCoivc©«7£©DSPF*v hVX K0«*?n 

gt^Ut^^ a 2 9i£^-f cfc^Cc, ii^cDDSP 

B "0° ) fco&#Jvci>4. 

[0066] ccr, Sffi 0 * r M-^sat^ h 6 

B, 13 3 0 ©J: *> tCSfJ^Hi^Og^cCOttfR^ilflDL T 
IE»LT*5WfriJ:tr». B3 0tetel»"C, (a) - (c) 
#B 2 9 DSPF*yh»;xh CCilJDL^ctiffi^ 

^rtre&& 0 &*s, DSPFOfSrB*B3y>h 
tT**iLT*5«P, htf^jlJJDffAUrfcDSPF 
^T-f^OWtttcWBWittC^ WU* ff (a) Bv 
SMC 2 i np^^«*aLtl^f|^E«*0y- 
K i n p : 1 i iJ v v' V > ^9t<DWM<D^ - Fnet_ 

[0 0 6 7 ] -f^7«;i3 tCB, Bf3eo»ft 

1 3 KB. ^ttriiftL><t*<o, «-@K-feji/oa 

[0 0 6 8 ] CCCBWitt, H8CC7j*-J-fg#^*K: 
"T*»^*#**. H8tc^-r<fc^&m-^^*XBLS 1 

<DJ©^ ffii^SF^ J ?3 4CDSfit^>^-^3 lOffl 

fn#ftfif«»±tt*. ^«cA*«hF-3 5^©AA«#<D 

-?3 3©gfii-Y>/<-^3 1 OA^SMiOfll*^ 
gfiiL/ci^CD, 2A*NANDy-h3 OCDffl^fi 

[0 0 6 9 ] mWMMkl 2B, «±©J:9tt«ffll*L 
S I *««^ 4^HB-feAK:oi*rffc^ ^©$£m*^ 
{fcStlLS I 5>^8tcUl^-r^ 0 3&it«fLS I 
5>^8BSDF (Standard Delay Format , W*Kop 
en Veriloq Intemationalffetf© Standard Delay Forma 
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t Specification Version 3.0>1995&CiBiJ0 &<5:©1f3i 

[0 07 0] A^ f$16tt, LSI Zmmis 5 a U 
a > 3 -tf S fcJbioiW <!: & & , B#^ItcfBifi 3 intc 
ls i©A^m^^->-c*-5. 3&S^5^U-£1 

5«. Kft'**'?** 1 6 t^bftTLS I 5 >^8<!:ffe 
©-^Sfef 5 -^ L S I <D'£\tm<Dmt*>< 

©-> 5 ^ U-i' a>tS*££fl:fflf£S: 1 0 KUtfjT£ 0 
[0 07 1 ] (-fe;l/jI5i^b«63£l?I) -fe^jU^bfli 10 

*»m-r4. jywwcii. ls i h y* h9*^m 
ft #ofi± »j Atr o mm 8 a * . mtxm* l 0 * 6 A 

[0072] 3 6fcHz;U:®®£{fcJfl5&f i ©2 W, L S I 

[0073] ^ae^^-ccoi^-tiftHjTs. mz-\%m 20 

7tc*Jt,^r. I2SI3 6 (C~H>-t. MatCMM^g 
cite, £«3B&£*a&®m0|$£$BCa«£|ft3 

6(Cot»T©^gfi©i|&fDt?l&L-;tefc©T&*J%C a 
/ (Ca+Cb+C c+Cd+Cg) tt5. PJHICC. 

issb <t©fffl©^as^g^«, is*§3 6 iie^bi© 

[H©$g^*C b *WM3 6 fc-3l>T©^g:S©*g8l 
Tit/fctOtftb^Cb / (Ca + Cb + Cc+Cd 
+ Cg) ifSo tt*f. SifiGND<t©ra©S**S^S 

■£«o<t-rs. 

[0074] LSI*yh';*r9 CCttflrtf!©,J: 5tC!g 30 
S#g^*WT4W¥5fe©iB»K:'Ol>T©tSIB*J*636iD 

at>ttJjo3ft-a>&©-e. ch^Mi/We. lsi* 
iSii ©^Siis^a:^«r-€-n-eri*«>a. 
t*^'>;>yy^ XKjtaH-r s ai^ft -^mn©rnism 

BE* fctt£flb«JBO» £ ©^S» A V £ ©S8fc*7j*-r - 
SS5coi,>T©{f#m0E^l^AV S9(C^n 

=&j|?S>-£. 01 0«ia7{CteW^^3 e(COl>T©ff 
[0 07 6] ftfeH 9 (CwtJ: 5 ft#:WS£flte4fflrt 

S. COJl^Ktt. **0^[*^OM^©5t*ffl^L--Cte 
t©|!8^*Mfl*«S9«C^-f "f- :/;Kt*iW -tVgfi 
£ tBAfe-ffttEEXIbttA V & ®Hff tc£ 9 <fc 5 

tf«tl.». H9tc**"*-J:5&flHRH:. ^AM3Wt«tje* 50 
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«^iW«(c-lr >l/jBffi3&f fc«e#S2 *s#M-C£ ftjgflB 
[007 7] 3 etc, *iUaBS^bJtt3e^K2B. 3Wfc 

«Mi»i o*6«w»imiii 0 b^am-rs. «9a 

ttefg *t©iH£© 5 * . £ftfc|&K>*S *>©©W*ft£ 
*-rt«R©Ci*t,»5. JM*ffJK^ A*ft-^S#©BU 
«tcgT^©WFrattffl*ffi««:S^L. c©Br3£©B#raifi 
BrttcfcW Steffi #©«-^jl^©*te«:fB-^S^tt#B 
<h LTffitHf *. 

[00781 H 1 u^m^m^m^o^^itK. 

^»©&t>t>©©ffil*^rS|-C , *S. 01 ltcin - *" <i:5 

* -j v v > y y a x*4t;t fc^t«cj»an £ vxm 

^tt$g©fflffi%^r©iB«ic-oi»-ctf 5. 
[0 0 7 9 ] mi 2«H7{c4»W5-f >^-5»©a^jfi 

#^3 6 Koi»T©e-wim*©»a»*©0!i*w-*- 

Bl^<5-5)„ 01 2tc*$i,>r. ^©t&^ti. ftic?£ihicm 

So «Ei©j«^ii, mmmmbMAVteo <v> t-r 

•S. ieia<!:gtiGNDi©rJI©^S©3l^(3:fci 

[00 8 0] ^{c, mWSc.'y Jrfzye Zg-MLftv 
J5. «5UlLfclijf^ft=©<ii{cS-^^r, >Pf^i-rSliI88 

{cralt. ^i-r-sia^-b^wajs^b*^* 
-s„ — mm-vi-f^ y 6 cc*ji,»rii8s-fe;u©iBi 

m>. »*ir«iaB , fe/Kz«B»«<fc***«>ntfj: 
l». C©J:5«:«B1*. *ta<t-rsLs 1 zmi&tz^: 

[0081] (LSI^^5> y«f t«BEXe) iiJift 
Mttt 1 2 «. -^StiL S I it 4 X X/MltmZ&fSt 1 8 

Ki^-c, ls i*v hy^hQtsjrcfas^-r^y 

1 3tCft]^.T42;VjSig^b^l l?rlg*ii*. SSIfSffJ 
{c^-fbl/fcBflBLS I tc*jWS*|5I|g-fe;l,©iffiS*tH5t 
-rs. LSI*»hU^h 9*j J:t>'jiJi7 -f^'J13 

^e«^bifr©Ls i tcfewssHK-fe^oasi* 1 ** 
s©t, c nccn^ra^ ntc-b)imm^m^ 1 1 * 

»a^S„ CO^mt, m»L'S I dr^s>yi4tt 
S I 3>^8i|5l^K N SDFJQ:<!f©SSC-CfiSJ!!3 

ns„ 
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[008 2] IHI^S 1 ^blilOLS I 

ft*t-f£W£<LPHt£K:. At)^?* 1 6*5<£a^bfgL 
S I 5>yi 4iflkOi£^j:7 r -^<!:4^ii ! ^ > 

l s i <D'£itm<Dmt t> ■< 5 > ifzmm. l fcwm^ s * 

[008 3 ] CCJ: -5 tC*3l*S^«l(c<i:5 i . fgsffittr? 
jS32#{bg££<I co^UJg-b^KDjijm^t 
8g-fejP©iIS£#e£Ufc±-C, L S I ©<£{b&©8bfP© 

i/^u-j/3>«f^or, ls I ©^gfrmcfcw* 

{f^*©a^J{b3t^£#MLfc^ 5 * V-U a 

[0084] S fc^^ifeff^tC J: ^> LSI (Dim&) 
^b^E^H©* J x©US£ 4>#Stu-c 

[0085] &*5:*jU»l5JBr«. l]gg-tz,>l,©A;Wf 

i©f5*^b-rs^m*K0^'c*a?)-cfea;t,^ c©*§ 

[0 0 8 6 ] &*J*aGW&»Ctt. ffUtt*^ 3 «. 

ms§-feji,©jis^bs-&©«&f^^#tt ; &«-r/c&© 
«»a*3e«-r4toii/'c. mmm^j?? >j&$m 30 
gi ©^{c^S?nrt^*3. cia«. «*©$!$□£* 
»Hffl L X is % , ftffltt 5<C??V 1 ffi^ffii:© 

IStfc*£ai>?-C$SJ:5{c0fcfc©-C*S. ttitcfcfO 
r. $£g©tgB8tt©fc«>jc. ffffltt^e^ua^ffltt^ 

-f ^ y £/£3£S 1 <Dfpicm^iLA,fcm^it LX h <£ 
[0087] $fc#gU60flg-Ctt» (HJS-fe^i UT— A 

[0088] «ctK**fc^«rc«. •fe^aEaWbate 1 

•S^lb^itSm 1 0 *» e, A^ft^* A » * > y Bft 1 0 a 
t»BllTil»<bU. C©i#£. «it«l O^WOftfP 

ft©£<b*tt£tJ:5£-r&&. io^»©«m^***> 
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«f b«saWIHB C ©-SJWM©il 0 £ 0 £ * tt L XKti 

-f ^> i o a *isfc»mtc j: 

J:t>. A*^f * 1 6 *sa-r-^»iK*T 1 > A*^^ 

* i e *s*-r-®«p^ t i p»9© Axm^x jv+yvrn 

@fjtN 2 4f&5C 

N2 = (T2/T 1 ) • N 1 - (2 ) 

[0 08 9] *fc. -smist i rto«w^*«*s^A* 

©£ ^©^{bSais* i o *> hAumnx 4v*> imm 

P*JMHU MftUffftttf *J:0«mMBeWMT2*» 

N2 =T2 • f • P - (3) 

[0 09 0] &4B3(E3l«af5Jg-C«\ -feJUjlS^fc^^ 
©2 »*IBBaa£-feJUOA*S«tO*irc*Sttl*fiW 

^f*9 a4LS l*7h'J^ h 9^6WtB-T€>fc©<i:l/ 

tfetc. 42;V©A^Sfi ; &fii&jlJi^^7'^y 1 3CCtS 

coji^^-Y^y l 3*>e.j*WL-r. -fe 

[009 1] tt*$*H«9i5flrt'«. ^bmTL S I 5 
>^8fc<fc!>'^fbmLS I ^-f 5>^1 4«@K-feJl/© 
^jiSISr^tf^.tl.T^/ctf, 0K-feJU^©13Sjl 
»t>d«f*»4 0TtJ:l». C©i#^, iffiSfW«12 
*«. LSI*»hyxh0 «>6ffiR)B6i^>GR$S«:£ 
©SF*3R^©W#K?rez^ffiT£ <t *>(C. jffig5^ ^-5 'J 

J F L CC»|*3nn»4BI(l©iBffi*ft»L, ^bmTLSI 
if-f S>^8*fc«^fcfgLS I 4(cai^J 

^ u - ^> a >©sffis^b*^-r -5. C £ « -5 . 

[009 2] Sfc, fiffitt^'f ^"^y 6{C|i|gS-b-'l/©m 

•bjuii5i^t«is^e2*scta : Ls i $js.>tr&itm 
M^m i 8 *5ii^^bfi©tf© <t iawt(dBib4$tt^bs 

^b^LS I ^-f 3>^1 4«:tb*-r-5C<bfcJ;-5 

[0093]&fc, HSS-feMiCMOS©^. NSM 
OS h^^^mWlMOS v^>v>**frhm 
i3ns*5, h + yr^b«:oo>r«NS«:fcc> 
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[0094] ts^mmmmxit, ^)mmmim&^ 
S2 *s£ftiM&« i o frzis^m&mn i o b zma-r 

l9^L^iai5Hrt{ciC £*p5*>£il5h4& &©£ Ltc 
c©££ta:s-r4B#iiiiffiH«, LSI HHSfcgcc 
Hfi&iSS£LTfc<fct>U $|St©fii:£rfS5£LT 
[0 095 ] Jtt*j**M0&«C«. ^mi^&HISS-fe^ 10 

I5fflf*9-C 1 ~3©M-£fi#*> 6© y ^ X£§W & C <fc 

feLX^tcW. wm.<D^m^h(oy^X'k^^c 
£fc©a*£{i-*t©l5lBi5F ((JtilalB^-cfcJ;^) j8^£&tBL 
[00961 012 lcte\.>xm$Sl<DEMlC-o\.>xmm& 

m?im&&mcym&. mi otccfc-or-e-n-enfflgij©^ 

©«l-ejt£J ©*§-£(¥ #©jgi&*e «t L/ fc^U) 

ai o#>6*jvefto. 15 [v] , 0. 45 [v] 4 

Of, C*T,6©«I0. 6 [V] ( = 0. 15 + 0. 4 
5 )£AV £ Ltffll,>htf cfcl>„ 

[0 097 ] tt. ijy7-<J>>/SjZ 

lcM&LXM9&-k)\s<Dliit)mnnE.&Wm.nKV D D J: 
O-feiSOi-S-r^^m (VDD + AV) 
<L, 8^1gJiGNDJ:9fc{,£< fc&iTftfc*i*EE (GN 30 
D-AV) (CfeSJ«^r«i:*a^fe©iL.fc 0 &*>5/U£ 
■^m^<D&m<D-fj^ cc J: o r « , ta^M-^mEts. Hi® 
mHVDDJ:f3fcffi<^ofcf3 (1E(VDD-A 
V) ) . Sftt^)EGND<i:»3'fclSS<&o/t0 (HEE (G 
nd+av) ) -rsti^fceco 5£„ tft6©JS^«: 

actit><Dm&i>Wi'>£>?<,c-rtii l Z£i<K cornet, m 
^mn^tmrnA v k -s i >t *© je** r « a u tcmm 
tt^ -r ^-5 y 6 ffitt^ -c ^ y^fij^s 1 tc <t o ~c 40 

stj^K^tcfc^-c^tBbT, ft ^mjE^t&a a v she- © 

[0098] «:*s«tai»»rB, as? -f^7';i3 
^mji©sagsii$ fc«jgift«jE*>6 ayg.ttm&wr&k 

[0 099] (SI2 ©SUfeJ^ffi) 0 1 3 (**^|HJ©^2 50 
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omtmi&icmz l s i © * -r 5 > y^bs> s » > 

a ^HEOflUdcSr^-T^n y ^H-C^S„ m 1 3 (cfel> 

t, m 1 (c^-rm 1 ©*fej&«K:#5 l s 1 ©# 3 > 

1 i|5l— ©^*«LtTI,»i„ 

[0100)113 tc^-r «t *> cc, #*sfej$jrctt. a 

Stt»tB 12A«LSIf-/5> ^t«t5g#© 1 8 4 

«*.t*» l s i * s > **{bii£*« 1 8 «ii 

JgfWfS 1 2 A iJS'JiciSW 6hn>4 j^W 1 ©5Ufe?F2 

«4aa-»"ct»*. ls i 5>^t«i3e*si 8 
©titeg»«^ i ©sawBJB&Eiti-ca o . ■fe^a&se 

u-j/a >mm-£ft<D®mm 1 ©seje&jBiinjs-ca 

[0101] c©«fc ^ tc*&tHBS«: £S & . ft 1 ©H 

1 2AiL/rg£*©fe©i&ffll»5C<b*Sf*4iC> i >J!» 

[0102] (M3©*ft^!S) 0 1 4tt**^©^3 
©HJSJ^SiK^S LS I ©5 -f 5 >y^{b'> 5 a > 
3>»g©#J^=Sr^T^Ciy^HT*S. il4K*il> 

■c, m i fc^-r^ i (Dzm&micmz l s i ©* -< % > 

1 £|§J— ©13#*ttt,ri».5 0 

[ 0 1 0 3 ] m 1 4 fCTjrf J; ^ K. jg 

fifMm i2b«lsi$-/j> mitmm^m 1 8 (C 

JlliTt JUjBS£*f fc«t£*S 2*tLTfe»3, jGBttff 
« 1 2 Bfrmm&v ^5V8 *i£M#ML/*^6^b 
«L S I * -f 5 >^ 1 4 1 ©9GHBI$flt£ 

{lis/ s a >»B^©ftf^(ift i (ommjfmt 

[0104] c©«fc5{c*SQ*?gi8K«fcai, mi©n 
i&Bi&tffimvmmmhtizvicmz.x. *jhb&s 

[0105] (m4©3gsg^.@) i&§mv>%iA<nmm 

ffi&C%Z> L S I ©^ W 3 >#rtSiti' 3 a 3 >S|g 

«. * i ©nffi^sg i laMttcH i «:^-r j: ^ nmm* h 

«fflt*7^7"7 y e*i|elSgH2;w©{fj^(g-^©3: 

H»-fe*©m*«^©aLh *)±l~t*) mmo^m^c-o 

i^rfe, »f3e©«fl*ft(c*hr4tfam*. 

y x h 7 {c»^i»riiBe«[t4f 3 » u-*4t»L 

r*j&4fc©-c*.s„ 

[0106] &msBteK.ifc& L S I ©^ A 5 > ^b 
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3.u-^3>^g©ttmc3C^-cgi^-r€>. cc~c 

[0 1 07] SI 5«-Y>^*-^©A*(t-^ita*m^ 

<D%itmk%mkt<,ckvzwm%ni?m'c#>&. mi 
5(c*5c»-c. *«ui#-fbiitr©<f-st&0> K«!«3Jfb&© 
{m$m-c$>z. mi scc^-r^^cc, ww?-**^ 

tfi^i»4©F B 1oe«!3iSi« t 1 a>6 t 2 (c^fc-TS. 

fKsrasE v d d © 9 o %tp t> i o %* -c^t-r 5»B$H"C 
[0108] t T-#i»fejf^-ett. ftffitt? ^ y 

-S-fC-^Tfc, HSS^^KD^tt^'ft^.i: L/T. fr;£© 

-r s mtimnrnKCDmrnmE. t tc umwmKfr h<v$m 

#{bK££. ^©iS&C ^M*©3i_h0 5iT0^ra 
t s 2t£itm<D±L.kK)3LT t )mMt s 1 4©H^A t 

Ats=ts2-tsl •••(4) 

Coio9] ftffittv 4-75 <;£j$kb i », a£E#{t 
ttcmt. tH^ff#©S;±03iTf5^ia©^bM(c-^ 30 
or. ^©i&fis&mc»t-£ft#f!fe£. mimitBioy 

^©<B*-eti^n*sffi{cig:^L. -rcccat*3&i 
IHSS-fe ^©& h >y X * ©^ttmst^^te £. ft 

^1*^ 4 -75 V ^j&mm i immmmfc> s » u - $ 4 

tStttfil-S^tlO^O, BtffB[18S-fe^©tfi* 40 

sw^*, B?rfe4o©s6^#©fii^js^jitciKaT^b3 
©sS{bs©ii*ia 4 ^csfrrc^mc*^ sts#tt**fc 

C ©Hl^ff ^©l£± 0 £T 0 HSH©5WtJM>lM¥* 

6fCUi^3n.S.„ «±©J: 5fc*rf£fc. -b**» hi)* 
h 7 icfSiW3ti/!:^aS©|HlSS-feJl/iCO^rjlIl^tf ot 

c o 1 1 o ] m 1 6 te^mmx.mhmm'&v a 75 so 
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'J6*^-r§. @8S^JU©Hi*ft^©SJb^iET»)^Flffl 

s m^<i-^©srT o mmoMt*<DVitt&fffitm.<Dm 

^THr**. @ 1 6{c^TJ:^{c. 4o©Sfifp^t= 
-?bt>i=>\J]mn<Dx-< v?>>f®$k [0] , A^jft^ 
©ft_k»5 Bm [nS], ta**^» [ f F ] toZVis 
^mJE^ttfi [V] CDSIKJllt^ HWJ«#©:ttT0 

mrn&itm [ns] as^avci**,, i <ommB 
ma.mmic. mi 6 tc^t j; ^ &t«5it'c*i- c t 

[0 l l l ] H2;l/il5i^b«^^©2(*, ilS^bSfc 
[0 l l 23 CCtK^iLT, B8KStff'U(C 

*sw4-^>^-dt3 lojis^bfi^rjfue-rsfeoi-r 

/l--r«:t>^^>^-*3 l -£©A2rtS^-3 5CC«i& 
5nTt,^BUS©HggHr;U3 0 i*#^L. -e©*^ 
fr©fil?:JflUJ-rS 0 Y>^-5»3 l*»J:CrttS©HB-fe 

fi9 a i^fflS^a^9 b?:, ^brnTL S I ;>y 

8 ft h xttm^iLi. n alt k> mm 8 a * . tflrtiJK i 

0 *6AM^^ -< ifW\$k l 0 a tm^l^tWR 
[0 113]^K. JBaLfcttfBfcfl=©ffl«C*-5SK it 

3 o (Dmt>mmi± *) 3iT »j n*M3&ft«*iwr *. c 
©se^ts*. -rrKjamofc-f >^-*3 i©a*«# 

T*)*mt-?&. *LX4>^~-Z3 l^co^r, *«t) 
*lsimf6L 1 0 a*jJcO-ff#Mi»t»#R 1 0 b &tc£-3i> 

-c. ««tt9-f^y e*#jwttt*«6. iiiS^bS* 
ttflfr-s. jyJ:©^!iii*^T©L s i tpo-b;uc-5i^r 

[01 14] C©«fc5CC3f£ieteJ&«fc:<fc5<fc 1 HK-feil/ 

©iss^ba^ . iss^bs*) «fe ^ffi^ff ^©3i± o A 
7>j*#iLt, wtje-rao-r. ^btct^rm^m^ 

[oi 15] (®5©ss5s^s§) *mm<Dmh<j>mm 
micffiz, l s i ©# -y s > y^b>- ; a i/-> 3 >$sg 
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b. m4(Dmmmmt^imt,c h i fc^rflWHcbo-c 

im&v *S|il8Si2^©tfl*m-^MJf5tD5Jb«3 
S. fcttL#39BB*B. ^ba^^bmftD^ttffli 
[0 116] -tUt>% , tgB-teJl/QjEeog&tUte&Sg 

^m^tz± o vet ») «fibjc» t fca©a*«#a[± 
[0117] xmrnmimz, l s i ©* a s > y&fb 

[0118] ^4©HJ6ff^t?B, 3$ ( 1 ) . ( 4 ) K 

t-b, ^©j^&stic^-r iis&o^bgte-B. 

^ftMii^ t 1 KSSj-f &^t«SS t 2 ©JtRK «fc o T 

ffl;ft«-^£±9 3iTW.5©3»tfba-& 20 

«ft«r©ffi*«#SLh»)iETDi»iBit s icc*f-rs 
siwfca©a*«#SLh»jitT'j h»m t s 2 ©j*r s k j: 

R= t 2/t 1 - (5) 

Rs = t s2/t s 1 - (6 ) 

[0119] mw&* a rf=j 'j&fmm. 1 b, is^-c* 

4aiB(5ffca^**«&*. Tftfefc. f&l ©SUSff^li 
lUfift. 4 0©ttf^ft©fii?rjS^J&|IHt?^t3-e% 
#6, HSSmffltt^S *U-*4^|g»L-C. #*±-r 30 
*@f8fc;v©a&©s&fttt©iwiB 4 •ootWNfetttefcf-r 

ft ^sjl 0 irr *) &m<D<%mt(Dmm 4 o©»fts*fl*: 

[ 0 1 2 0 3 H 1 7 B43EiraJftCcttSflMltt? 4 ^7 

*«-niMi*5«-ria-c**). f— ^l^l-zc^©- 

SB-b^O— AW*«HfW©A*«^SLh 0 B$©>IJ£s£ 
fblt©lMWH£#14©ffl*^3-0-C&£. 017tc^ 

■TA^tC, 40©*f^*fr-r«cto^A*®#©^^!'^ 40 
>fB* [@] . A*«#©SLh*»«fM [nS], W# 
&tt$B [ f F ] *jJ:0*{i-stmEE^S&B [V] ©g-fifiK 

T 0 ««©«{ ttb©»f|stt#tttt: » r 6 . |B|*k:#w 

C4*fC#4. &i*mi©£ik£flM:RflttC. 817(C 

[0 l 2 l ] ■feJloBB5&fb*5£*»2B. jSii^bJt*J 
J: Vlfttjfi ^©£± *) £T 9 B*IB©#<fclt©ttfNfefKS 

-raaB-b;u©iBg3i&<fcj;t«flee-r*. 50 
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[0 12 2] CCTtiPdiL-C. 08CC7nTM-^<*tC 

*$wa^>^-*3 i©jaffi^tJt*JS5Etst©i-r 

;l/T &*5 *i -C>^'- i? 3 1 t . ZO/Jjtifcf- 3 5 (C«i^ 
3*iTl>i«r«©HI«-feJl'3 OitWEL. ■€■©««¥* 
f*6DfiB%MttJ-r^„ -f>^*-*3 1 * J:0tl»S©@W-b 
;u3 0(coii-c> ls h yx h9#>5tH;fr&ffifg 

19 ^ItfTLS I 5>y 

8 *> P>XMB ^±L± f)iLT<0 tm 8 a*. WtrnfeMk 1 

0 36» 6 A#ff * -f » 9- > fTlISfc lOai ff-^S^tff H 
10 b*. -ejTHPJlWtHTS. 

[0123] *{C. fflatvfcttfts*tt©tt«C*-T5#. M 

ffltt 7 ^ v y 6 «#M u «c#i e. . * rej«©BB-fe ^ 

3 0 ©ffi^jff #lt± 0 iftT 0 ^n9Wttfc*SMI|fr *. c 

©s&fbit*. -rftcfflnjbTt-o^'-f 3 i©A*m^ 

X-Y ^^>y[Bimi Oaifi^lfttSl 0bi(cS-5 
[0124] >y^bJS^m 1 8 «, L 

si^-^'Mhg *j ^i^ies^ -r ^5 y i 3 afewc® 

eNfW«c*{bL*iL S I (cfc^S#lsI?8-feJl/©ji5I*ff 

irr-s. l s i * ? h >n h 9*j«tj;ji«7 -/^7 y 1 

3ipt>9S1tffi<DLS I {cteWSSS^S^WT?. Cti 
tcttr-^JgSnfc-bJVjSi^ba^l l€r»W-&fctt 
■5. ^©ifSmti. s^-fbf^LS I ^^5>^1 4<tUTta 

^j^n-So c©aMb«Ls i *-f 4*>. swfciNr 

LS I y-f 3>y8 iP)«CCSDF«:<t"©SSC-efa^3 

ft*. 

[0 12 5] C©J:^CC*:*fe0^JCJ:-5<t, -fe^aji 

1 3 ilifflt*^ y 6 irtiS^CcgfeS^n-fe*^ 
^ y - * *fflo»-cfl^E 3 *iri.»* «fc 5 WJte-c* o r 

[0126] <06<DSS«yfcS!) 0 1 8«*^BJ©m6 
©SlJSJtJJSfC^* L S I ©^ ^ 5 >y#fb-> 5 ^ U--> 

3 >$ig©^K*^-ria-r > *s. *3iite0^(c0s l s 
i © f -r s >y^b-> s * > 3 >iig«. m 1 ©n 

tt-fejU©«B&fbtt^©«ffBfe«:oi»-c©flMll4Wr* 
©iLhOSCTO«flB©*{bia^tCot>r. Bf3E©»flPft 
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CO 1 2 7] 43gffij£J£ti:ffi& L S l<D*4$>#&{t 

[oi28]««t47^^';^gi(t @ss-fe;i/ 

[ 0 1 2 9 ] H 1 9 ««9e»0tt(cA&AHtt7 -f ^ 

*TB"C**3, ^-^I/-C*Lyt»^<0— EllS-feJUCr)— 

[0130] -fertM3MOBje#R2 tt, mm<D98M 

[0131] £/c[S2 0ti*H»^Cc^^fiffitt^-Y 
Z?v y 6 J^W^ililBS-fe^OjSffi^fcffi^CC-^l^-COtft 30 

[0132] ^;HE^bSSfK2 3rS©?aK6 
2#^*&*i4«b, H2 0«:5«-rJ:5tt»IBtt^-r^^ 
y6^**tMWc*^i>r, MIHttiTO^ffiJcjror 

1 3 fe, S5iESf5t©ffiJK6 2CCOC>r*6^DJ&*fiSS 40 
[0133] C<D£5fcJ&&&&!&teJ:&±* LSI© 
■C*4©r, 3Mb»©LS I Ottffi*«MWraWE©« 

[0134] *js»»ssr». l s i otitic-? 

<£5tcurfej:ti 0 c©»£cc«, fifBtfe^^ y 6 
icfaivc, [32 0fcmTJ:9&«*II*«IR«ff»«:«i« so 



1 1 -2 1 9 3 8 0 

30 

i>u a^offloweiHiiB'teJi/SK l-o-r^ia^ur 

[0135] (»7 ©HJfeffcSD *«PI©8I7 ©HS&ffJ 
RR». aftoA^iB-fftWTiHB-fe^tc^c^-c, 

<da#»t- t a***- t (omomn&atsm b*# 

B$W;bJ:tf*-Y ?*>^»*>#JHLT3jc&£fc©r* 
#IPJ©I& 7 ©HJBI3fl»c«* LSI©^>f 5>y 
^ffc^S *U-^a>i8B5*, m©ll]W«JB<!:HaK: 

[0 136] [5]]B-feJl>£l,rB2 1CC^-J"J:^&2A* 
NAND^- h**iL4. H2 1 K:*5l>r, A. BteA 
Yttffi**HPC**. H2 1CC^T2A*NA 
NDy- KDh-5>f ^*U-^;l/©HI»H6*, CMOS 
©»-&«BI2 2eC7jVTJ:9 5CttS. 

[01371021 tc^"T2A*NANDy- hCcfel* 
r, A^ffl^AiW^ffi^YcbcD^ofi^fe^iSi©^ 
ffctt, A*fS^B-s©A*m-^ <«T TA*«^BJ £ 

^BiHJA»TYiOfB©«#SKfflBi©^bB, A^J 
WF-A^©A*fI# («T TA^m^Aj ©X 

tCtt, mmt. i2 2iCM-SNiMOSh7>^^ 
Nl, N2*JE3?»J»»3ti/i:ap»*i(ciiftnSfc«e). « 

1. N2©3JWbS^fc*2»Sft4. 

[0138] c©fcaM^^J8rtt, fiffitt^ -Y*^ 

ui^ant x*«#A©^-f 5r^>^H«iA* 

fc. fMBtt^-f^yet&iR-rs. 

[01391123 »#9SW^lBecffi&(iff tt^ A 

y 6 j&£*t4«f«* , * v ^ y > ^cc j: 5 fiE 

/c0r*S o I2 3{CteUt, Tis&A^m^SLt?) 
ST^^l CI ttlH*ftffiSJit?*S. ^/ctable n 
(Tis, CI ) (fcKtn = l-9) tt, A^lft-^ACD 
7s A -j * > y@»*-e©±^tc^TffiKcr 4 i i *>CCA 

A*ft^CDALh03iT0B#raTis<?:tli^fi#gSC 

[0140] Hs^««3Wt«je*«2 i*«ft«we# 1 0 
*6A*fif^-f OatJUlUlti. mti 

MAtim^xj v*>>mm o acc*5L>r, A^ft-st 
A©^-r^^>^»*n o i3 r*o, a^i«^b©x 
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tc, mffl&u?z> 'J eccf--:/^^*! 3n-ci>&t,> 

■S. 

[0 14 1] CO.t^^gyS^ejJc.i^i^ *&©A 
fC*j w £ A^Jff #©£_t 9 ST 0 n$m *5 <£ O'X ^ v 9- > 

[0142] <C*J**Jte^»-C». ftWtt^ A ~?=7 'J 6 

[0143] tettmumm-et*. ajwfa. b(c*j 

t>T A#fI*f©S± 0 ST 0 IMB*** LA > <t (,> 5 <6?5e© 
TtcfiUtt^ -Y 75 'J 6 fc^-T/JUftOHMOtoP. A^J 
ft -St A ©S± •) ST 9 B$RB <fc A*«-5| B ©S_h«) ST 0 
B#W<t«^^6fc©<fcL.r, 7— ■7ji>*mffiu-ct>£ 
K\ COif^U*, table n (Tisa, Tisb.C 20 
1 ) £1^5 <£ 5 CCS^-TVl*©;^* 3 6 (Clf 

mm, Ti s bttA#m-*fB©£±9ST9B$P.g-r& 

[0144] (is 8 (ommmm *mw<om & <v$m& 

S &©-?&£., #^©fg8©^^.l!{C^&L S I © 
^ 5 >i/^t^>5 a >£|g(i. If! 1 (omMB 

»4ra»Kiai«:5i-rJ:5<rtllJ**>6tt-S. 30 
[0145] H2 4«3f^5fe0.^«:*s^-CjI5l«S©* 

&£-rsfi-^x©— WXS>Z>. @2 4&c^-rA;fr^aH 1 
Aa>£m;fr^sH^Y^■c©^I-5f>'^•*5o^:i:. ttjtH&Bsstt 

ft:4fS©|Bll8^;l'5 1 , 5 2, 5 3. 5 4*>^j:I. s 2 
AftN AN Dy— V 5 1 «— #©A#*KP*»AA»?A 
&J$R3trCb9. -f»<-*5 2«A^ffi^2A* 

NAND-y- 1- 5 i ©ta^-^i^sn-cfc-o, 3 a 

ANANDV- h 5 3«— ©A*^*W>^*-^5 2 
©TOffi^ ftTfc 9, -/>'<-*5 4«A#» 
W3A*NANDy- h 5 3 ©tH^iS-T-ilgi&Stt. 40 

[0 14 6] 2A#NANDy- h5 1-^3A*NAN 
D**- h 5 3©<£5{cffi$fc©A;W?£«^SlHl2§-fe^ 

tcfc^r, ag-rs<t^^5 o itsra^w^c^^x 

1. X2. X3(C«. m^<B^^5 0(C?&-5-CjjS*l 

r t> < <fc 5 it^©fiiafii£B3rf 0 2 4 cc^-rft^ 

/"S*5 0-C5*. ffifXl, X2. X3©ff-^(C«^HS 
" 1 " ^i£Ltfc< . 

[0147] *mmBi£-ctz. mzA (os-r j: $ am** 

'^5 04, A^J'fflT-Afc.tO'ta^^B^Wr-SlO 50 
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©[sISg-te.il'iLT&SfcOi-r-*,. cnW©*ttf 1 

[0148] tti:t>%. *2)imm&itim^&2 l 

S I &l?Ji&-r£igffi-te;u©5^4>£t< tfc— SB©*>©(c 

r. 3HBIWfcflte**J£U L S I £ 3 > if&ikWfE 
^&18fcfc. ■fe^ii5l*{tJiS^K2(c < i:-p-r*S$ti 
ft:M-sf^-x©Sii^ba^*^tj-fe;uigS^ba^i l 
tcg-^r. iPSWJc^tLftiLS ucfc-wsiriafa-^ 

^^X©gS€rJfST-5. -e-OT. #<bfg©LS I (CfeW 
£MfBfg^X©ii5££#tr&fbf*L S I * 3 >^ 1 
4 fcS^J^T . L S I (D'&it&OWjftWzs 3 ^ U—> a 
ft:ft:U L S I £ 5 >^ftll^l 8 

s^tS£ 1 1 fCftmwt ti& J; 5 ic. LSl^^'J 
X h 9 (CB 2 4 fC^-T J; 5 fc«^*©SaflHB«*fc 

[ 0 1 4 9 ] C©«fc 5 (C$Hftfl!cj;5i . t> <J 7 a 

m^DW^Lb. Ltt^Of, L S I tf>cD^-^^^(c 

•o^-cmss-k Sterna t u-cmmzmjz-t zm 1 omm 

[0150] teto&mimmvte. mm-t-zm^^zt 
mmvtt^wF-x i , X2, X3©ft^i@s-rs4>© 

i Lft:*s, -?-©<f^©!?PS?©* W 17 ?>^|5|ii*fil^< 
[0151] ^*3. ^i-T^LS I t|3©[nl8S-b;U© 1 

sp^ft-sf j*xmw.-emi\ -s-ntt^oms-bM*^ 1 © 

J: ^ fc 2 affl©*i*%|^B#{cffl^T t> J:l^ 
[0152] ^*s*SUfe^.^-C«, ft#^"X 5 0 ttg/h 

<b $> <DX*$> -z> X i> J; I »„ 

[0 153] (®9©IWS)7'J7^D^4>7 

ft ^ i C © A^J % 0 iitf ft:«>© 4> o ^ ff^f t 
©{4*aW^. A^x-^m-EtteJ:iy t i'a i ,^ft^©W 

S„ C©ft:«&. «JlB©(4+IB9^^!l*ira^£'(c-3^-C 
@K42^^SbfpL/^C>|5BW©fil*^isb9iisb-CfcC»r. 
L S I i*}©|i]SS-fe;l/i3&c. B?iia©^BH^^»!raAi 
RBI^fii*M^^I,^t' i 5*^«S-rSC<b* > ft:i^.« 
^S->3 * U-^tCfcoTtf *>. ^»9iS!)-C*Jl»ft:fria 
©SttBK^^W^WPB^j: i'©|5g^ffl©C <h 5 -Y 3 > 
i/^-x y i'fil (timing constraints) il^o 
[0 154] ^-f5>yfi-^(|tl-t:W, t» hT 

[0155] mtf 7 >; v V -7(DmG, -b •> h T 
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& 0 sterna Jisxmz, mm^)i&]Enmi'mmv& 

[0 15 6] C^^^^>^x^filt 0Sg 

[0157] *#BB9cD»9©^afeJB«tt, @f§^;KD® 

^ffi*^)t, LS ICOttfPdf^ 5>^0*S3t*ff 

[ 0 1 5 8 ] H 2 5 9 ©9lttffl5!BK:&£ L 20 

S I (D£ ^ SV^^tS/SaU-^aVSBOaiRS;** 

ffiummmsti i*«itrfe»K ■bJWfflKswtjee* 

g2^J>^-f5>^x^ fi#{ fc J»E*R 7 1(C± 
^ y 6 A^WTS^/ViBSCDW* (^;U3M6 a ) 30 
*§cDttfB£W-f £ 0 *3fdfflffi^Y^ 'J 1 3AB, -feX/ 

aBso«« (-fe^asi 3 a) s>y^* 

©«* <*>T yaffil 3b ) *«*/rte*K 

■teJWffiE 1 3 a \tm l ^*8(D3I^Jitc:toW£»E^ 

[0159] sr. aE^-r^ y 1 3 acc*?w5^-t 

[0160] ^a-; ^M#3^WSftK:a 6B$£ij t c u 

-A^~*<Dfi*a^£^fcSi*T) , 

y * a * 7*6CIE L < Bt 0 a* ft £ RIHOBSIBSI ( t 

c - t d) *42* hT*^B#lffl&LT#»S. 
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iBB9-/^9y*ja«iK (HSvtt-f) WSPICE 

[0162] ccdj: occur, ji®^^? y^ssssa 
t^cm^-i^^ y 1 3 Atc[ti^'r^ 0 

[0163] B26ttaS7^^»J 1 3 A£)£-Y5> 

? y v 7? m v 7'<Diz ?YTv ^IB©»f^ftfMRfftt 
©W&^fETC**. 02 6CC;ki>T. TisckWT^n? 

[0 164] #ctc, {ffgtt^y^y 6 ACC*$tf6£^ 
[0165] *-f5>^*? £fi©35f tBte«* £ p 

[0 16 6] CCTte, 5>^*y^ffl<Z>3e j ffcffi 
fit t 2 i35ffcffaD*-/5>y** y ^fflt t 1 

Att=tt2-ttl - (7 ) 
[0167] iffitt7^^V4^SlAH 

^©fi**n*ti**fiecH5E^. -rrccK*i^ 

/c, S**t-r-5ll|ISH2Jl/©*^ h y^ h70«#Rttfc 

«tt^ -f ^ y ^fiK^S 1 A ttHBSIitt^ 

4 & ttiBHHH2^©* h y >VA *<D«M4«f tK^* 

[0168] 7'J^7'7a y ^(D-fe ';F7? 7'B$^(D^ 
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iel <m*)&£tiz>mR<Dmmm (tc-tdjit 

[0169] CCJ^ttttfE*. *«rf¥^©««att 

©#^3>^****tt6 btctftftStii. J£Lb©J:5 
ftftfE*. -fe;!/* ^ F 'J X h 7 tettttSft/cEKS-fe;!/© 

y ^ffliWiMWc &&©»;, ? y * p ^ v 

[0170] 02 7*sJ;t>Tg2 8 its fSHtt^-f ^ V 

T\ Tisck&^P^ ^it#©SLhOS[TO«Flffl, Tisd 20 
en (Tisck, Tisd) (tctcLn = 1 -^9 ) ^P 

ckiA*^-^fB^©SLh»3fiT0NFiaT.isd ^r^StC 

f-^K^^ 0 $/c02 8SC:tel>T, (a) Stable 

1©W£, (b) tttable 2 ©W«\ ^n^tl^L"Cl^ 

fcft:OI22 7fcJ:0*BI2 8 rti, «iH«EE*5 J: O'S 30 
ffifr*B5£S*rtl>4 *>©£-*-&. 

[0171] a^5>y****«*fHIBe*«7 1 
«\ flStt^ ^ 'J6A(D^^5>^x^ ^ffi6 b 
*-/ 5>^*-?^tfgl&jttt^7 2**d6*. 

[0 172] *r. ^«©*-f 5 
8bSifi3!)W*4l§lll8"fe^ ( ? y * P v r/-^ ^ ^) 
SLSI*yF'J^f9^»ttl«. fit, JfifctiL, 
fc£0»Hz;l/{col>T, «T©J:5&*Jiirc#^ 
? *ffi©3&ffcB**tf>S. 

[0173] ffltau/HlplSS-fe^CCOL^, 3*WkfflfL S I 40 
^5>^8SC^£;h & A*ft ^©SLh 0 Q ION 8 
a^ibt, 5>^**#ffl©#ffc»*#«>* 
fca&tes&Btetti. ^ p y ^ft-^A*?*- if 
©^OSTFO^iJS&fflffl-r*. */c«mu/c|pIS8 
•feMWco^r. 3e{fctWiS*i 0ic$$*i£A;£fl^f©* 

A^- $*fi-si&<*:©* >f * 

[0 1 74] ^CCC, ffiffitt^Y^y 6A©W 50 
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?#ffie b-r&fe-&#^ s >y** v ^ffi#Mk«© 

^f 5 - *fi#fc £©3Lh 0 iCF *) B^ffflfc J: # * -/ * * > 
{t«**»4. C©»^ 5>^**v*tt6b# 

\&% 4 zm&ttjs&i zicmjiztih. 

[0175]LSI£^5 >y^fc«JE*a 1 8 Att, 

s£{kf?©LS i (c*sw*5r>r 5 

g^:/-? V 1 3ACD^-{ ^ill 3 bCC, 

SS»T* Sttfc*-f3>^*x* 3&ffcBte7 2 *jp 

seftf*Ls i ^-f 5>^i 4 Atcai 

[0 1 7 6 ] Hffi^ 1 5 A«. LSIfi©7 

y ^^a^^^teoi^r, ^fc»cc*$w*^p 

>CCio"C«ISr4Ct3&s-C#4©-C. ^tf*©LS I 
[0177] 7 'J ^ 7*7 D 7 ^COUt , ^P? 

5c-SRBai t d tcommm (tc-td)^ mmu 

3 . 0[nS]t*0, ^t««^t«L S 1 $ A 5 > 

2. 2 [nS] rftr^fciti. *fc^-fS>^x? 
^tliltO-by h7 y^«FlH», ^tfSf«2. 1 [n 
S] rabO, ^{tf*ra2. 5 [nS] -C%>-o?c£~f*>. 
C<Dt%, *fklirrtt, ( t c - t d) «-fey h 

r ^ia<to «>A*c*©r, ^ y sr ^7 n ^ ^«iE« 

«rf¥T4i«KSn*^ ^k«BWFlB« (tc-t 
d) hr^^B$mcc3*L/t:0. 3 [nS] ( = 

2. 5-2. 2)fi9&d>©t\ 7«J^7n^tt* 

aiffi^^^U-^ 1 5 AttC©J:9 35c«Wft#*, 

sefkais*i 7 AKim^rr^o 

[0178] )tc*j«S8JfiJBfl|{C*5C>T, L S I ©#4 5 

Sc^g i . i Airtawfcfe^r^-r Lfei^i©«iaM 
ye. 6 a *#jHt r l s i ©^b«©»f¥4^ s u 

-^ 3 >T^, LS I©^-f 5>y^k^5 *U-^a 

[0179] «±©*»©»« 1-9B*< *r «>-« 
*«^. lft^L/cfe©r'*0, *tiK»fc|R3&rSfc© 
rttStm c©fcJ&*«W©IBBB«:*$i^r©»(©IIS6JK 
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[0 1 80] fcte, Wl-»9©98»»»«ctec>'rB:, 

«l s i rtsposai^s^ y -r x, lsi y 
:*>&£<DS«e*<zwx, j»^-rXfttcr>«^©^ 

££WC#i££-f 5 >y^tv^ ^ >3 >*Cfel>T, 

[0181] lsi w»o«jB«as©y -r x <«t 

*>c>r* is^^»»*WRy^x<o«**-r 

iU *fcc©«iH>-YX(cj:->r, ffi^fi^ccAVo 

*«i*&L, S**§^flte*W^X«^Ttt;bfe 20 
WRy ^ XlffijRCctoWS -/ A X*6»*i "T iHB-fe 

^cce«'r*-/-fx©«^i*ttu ff-^ME^KjMA 
v^TOHy^xcc^o-riaiB-fe^cc^-rs. 
+ v r^fcoBkar^flSfictti <fc 5 tcWRy xs<b * 
c©i9cc»fflwcc»jc6s-er«ffli-r*ci«:j: 

[0182] 

C«99©S»*] tLb<D<£5Cc, #««ols s 30 

^y>^-/^xoiB»*»ittL&3&i6. lsi 

fc»fl^#T3R«>, * L S I GHttflitejS D/tft-^co 

40 

[El 1 ] ^§m<Dm 1 ©»MSLS I <D%4 % 

[S3] *5r^y>yy-rx«ciEH'r*ffl*e#«E© 

[194] *v^y>yy-/XtCiBH'r*HI*fl#«E© 50 
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[0 5] mm^^y-y V&JlSL(Dtctb(Dis5L ^ U—>a 

[H 6 ] *«BB<D» 1 <C«OlBK««:»&««tt^ ^ ^7 

[07] 4W~#omxm*m<Dffimmm&<DMZ: 

[08] L s I off ;^©-W*StHr*4. 
[09] gfite^^i^^^V >^^^X^:|BHT4 

[hi o] 07 &ctjvt a ^^-z(D\tiMt~mc^^x 
mnmtmmm t <omfc **-r h r » * . 

[HI 2] 0 7 ICtST > ^* - # <£> M^ff^CC O I > T 

ran] *»ig<z)ai 2 oion^flKcffid l s 1 -f 
[014] ^mmrn 3 ohm^scca^ lsiom 

0-C*^ o 

[01 5] #{fc«r±*ft»£fc:b»«, -f>'<-*©A 
[016] *»93©»4©IOIBeWc«-S»Htt^V 
[017] *«W©*5<DSt*BKJ«CC«*m«tt^Y^ 
[018] *f£9UcDfS 6 ©S6»0*CC»S L S I ©# Y 
0T££ O 

[019] **«(0»6©gSSIiJBJBfc«Sffilltt^-/X 

^ y *swr*ifl«<3D— «*srf8t»s. 
[020] *^w©m 6 o%tk^K(c««fiiHtt7 -r ^ 

[02 1] «»i|Ba)« 7 <DWI»lK4JW4Wt©A* 

[02 2 ] 02 1 tC7^-T2A^NANDy- h© 

[023] *stm<on 7 ©wweatccff *«Btt^ ^ y 

[02 4] ^W©*8<Diafc»»CC*iC»r*ffllO*ffi 

[02 5 ] #&w<DmQ<Dmi&BMimz>Ls 1 ©^>r 
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vifiWom 3 y ?<i©t#$a©— m&m-rm-c 
$> r> . ^{tuir©? y » i?*? o v ^"©-fe •> h t y 7'&mo> 

[02 7 ] &ftw<Dm9<DmfMBmc%zmiim ; 5>'(7 

[028] *^Hjo^ 9 ®»?liC«iiftt 5 -r ^ 

-C&<5, (a) tt02 7 JCteW Stable 1 ©#1 (b) 
«02 7«CteW-& table 2©0UT?*4. 
[02 9 ] MS©D S PF*y b y* h©WC*4. 

[130] B»©*y^y >yico^r©tt^ii»nL 
fcDSPF*? h y x h©wr-* s„ 

i, ia «Htt9-/^ya«aai 

2 ■fe^iB^^tjiue^s 

3 fffflt^x-a- > 
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40 

6. 6 A fffBtt^T^y 

8 a A^fl-^©li± 0 AIT D 8#fa 

9 a thfiMffi^m 
9b SStt^S^ 
1 0 a A^fl^©* ifWKL 

i o b firearetn m 

1 1 -fe^iBS9lWb«-& 
12. 1 2 A, 1 2B ffiBttJMR 

10 15, 15A SHIS' 5al/-S 

18, 18A LS I $>?&itWM^m 

2 0 @BS-b;l/ 
2 1 AftMHF- 
2 2 ffl^JS}^ 
6 1 

6 2 as 

7 0 

71 * >f s > * y ^m^\wm.^%. 

72 y zm&itm. 



[02] 



[03] 



V 20 
23 -< /. 



VDD 















H O 













IF* 




GND 



[04] 



[15] 



VDD 




VDD 



GND 



warn* 




GND 



[137] 



c*~~^ aP- cc~^~ cd~^~ cg-^~ 
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mi ] 



[M2 9 ] 





0 





* I DSFF 1.0 
* 

»| DB.S1GH *saipl«* 

* | DATS "Sap. 19. 1901* 

* I FBNDQB 'latiiullfV 
HPBOE1AU "tuple" 

* I DtVTDER . 

* I DEL I HI TBI : 
* 

. SDBCKT saaole l«P oat 
* 

?Het section 

M 

1 1 GH00ND_B2T Q 
« 

UNUT inp 0. OIFF 

* IF (inp I 0. OfF) 

tit (10: a 10 a ( 0. OPT) 

ci inp inp o o. oxrr 

CJtno Idd:1 0 0. OtPP 

estop I0:» o o. oifp 

R4Inp ini> iop:l 10 

K61HD Idd • 1 XI:b 10 
* 

* I NBT sD 0. 15PP 

*ll (I0:y 10 7 0 0. OFF) 

til (II a II a I o. orr) 
CUO I0:y 0 0. OIFF 

czbo o0:i a o. osrp 

C&oO II :a 0 0. OfiPF 
X4d0 IO:y nO : L 10 
XSnO nO:l XI :« 10 
» 

* I NBT ou I 0. 9IFF 

til Ul:y XI 7 I 0. OFF) 
Claat II :y 0 I. 1 179 
Clout out :) 0 0. 1IFF 
C3oat out 0 0. 5fl?F 
K4oot It:y nut: I 10 
B6oot ou1:l oit II 
I 

tliitanctt Section 
► 

10 I0:i X0; T IHY 
XI II:t IHV 



10a 10b 




[139] 



[02 6 ] 





AV(V) 


0 


0 


0.1 


0.3 


0.2 


0.6 









A O- 



BO- 



[132 1 ] 




Tisck(nS) 


Tisd(tiS) 




0.1 


0, 1 
1.0 


0.9 
1.6 


1.0 


— HH — 

1.0 
10.0 


— M — 

1.0 

2.5 


10.0 


0.1 
1.0 
10.0 


0.4 
0.8 

2.0 
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[06] 



[0 10] 













0.2 


10> 3 


0. 1 


10 
100 
1000 
10000 


0.01 
0. 05 
0. 1 
0.2 


1.0 


10 
100 
1O0O 
10000 


0. 04 
0. 1 
0.2 
0.4 


10.0 


10 
100 
1000 
10000 


0. 07 
0. 15 
0.4 
0.7 


10 l * 


0. 1 


10 
100 
1000 
1OG00 


0- 02 
0. 07 
0. lfi 
0.3 


1.0 


10 
100 
10QO 
10000 


0. 06 
0.15 
0.3 
0.6 


10.0 


10 
100 
1000 
10000 


0. 1 
0.2 
0.5 
1.0 


0.4 


10 13 


0. 1 


10 
100 
1O00 
10000 


0.016 
0. 06 
0.11 

0. 23 













AV(V) 


Ca 


0.05 


0. 15 


Cb 


0.2 


0.6 


Cc 


0. 15 


0.45 


Cd 


0.1 


0.3 


Cg 


0 


0 



[023] 













10 ,s 


10 l * 


10" 


A 


10" 


table! (Tls.Cl) 


table2(Tl 3 , CI) 


tablB3(Tis,Cl> 


B 










X 










-< 
y 


10" 


tab 1*4 (Tie, CI) 


tsble5<ris,Cl) 


table6<Tla, Cl> 


> 










% 

(SI) 


10 1S 


tnbl«7<Ti*, CI) 


Ublfl8<Tie.Cl) 


table9(Tie,Cl> 



[Ell 1] 



12] 



A^m* 



am*-* 
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